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(54) Belt cleaning apparatus and Image forming apparatus using the same 



(57) An apparatus for cleaning endless belt (35) on 
both side end portions of the inner peripheral surface of 
which a pair of belt-shaped side stoppers (65) are pro- 
vided, includes a blade (58) pressed against the outer 
peripheral surface of the belt and a backup roller (59). 
At both side end surfaces of the roller, assistant support 

66 59 a 

64- 
63 



rollers (66) are provided to support the both skJe stop- 
pers to prevent the both side end portions of the belt 
from moving inward to separate from the blade by a 
pressure applied from the blade. 
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Description 

The present invention relates to a belt cleaning 
apparatus for cleaning a surlace of a belt, the belt being 
stretched between a plurality of rollers to be circularly 
moved, and more particularly to a belt cleaning appara- 
tus for cleaning a surface of a photoconductive bert or 
conveyor belt, the belt being stretched between a plural- 
ity of rollers to be drcutarly moved and being prevented 
from moving in its both side directions by elongated 
both side-stop members, and an image forming appara- 
tus furnishing v«th the same. 

Conventionally, sheet conveyor belts are used in 
electrophotographic type image forming apparatuses 
such as printers and copying machines. FIGS. 5A and 
5B show an example of a belt cleaning apparatus for 
cleaning a surface of such sheet conveyor belt, and FIG. 
6 shows an arrangement of a main part of an image 
forming apparatus, the apparatus furnishing with the 
conventional belt cleaning apparatus. As shown in FIG. 
6. the image forming apparatus comprises a photocon- 
ductive drum 1 which is rotatable in a clockwise direc- 
tion, and further comprises an initializing charger brush 
2. a writing head 3, a developing unit 4. a transfer brush 
5, and a drum cleaner 6, those of which being arranged 
along a peripheral surface of the drum 1 . 

Generally, the photoconductive drum 1 is formed by 
uniformly depositing a photoconductor on a peripheral 
surface of an electrically conductive metallic roller to 
form a photoconductive layer on the surface. The initial- 
izing charger brush 2 applies, for example, a high nega- 
tive voltage to the drum 1, thereby uniformly charging 
the photoconductive layer on the peripheral surface of 
the drum 1 to a high negative electric potential. The writ- 
ing head 3 has a laser or LED light source, and selec- 
tively exposes the highly negatively charged peripheral 
surface of the drum 1 in accordance with image infor- 
mation supplied to the head, to form a negative low- 
potential section with a lowered electric potential. As a 
result, an electrostatic latent image is formed by the 
low-electric potential section in the aforesaid highly neg- 
atively charged peripheral surface of the drum 1 . 

The developing unit 4 contains therein a non-mag- 
netic toner 4-1, and supports a developing roller 4-2 in 
its bottom opening. The roller 4-2 faces the photocon- 
ductive drum 1 . and rotates with carrying on its per'^h- 
eral surface a thin layer of the toner 4-1 that is charged 
to a low negative electric potential generated by rota- 
tional friction between the toner and the roller. In a 
region where the developing roller 4-2 and the drum 1 
face each other, the electric potential of the low-electric 
potential section of the static image on the drum 1 is rel- 
atively high compared with that of the toner 4-1 on the 
roller 4-2. By an electric field generated by this electric 
potential difference, the negatively charged nonmag- 
netic toner 4-1 is transferred to the low-electric potential 
section on the photoconductive drum 1. Thereupon, a 
toner image is formed on the drum 1 (that is. the latent 
image on the drum 1 is reversely developed). As the 



drum 1 rotates, this toner image gradually moves to a 
region where the drum 1 ard the transfer brush 5 face 
each other. A paper sheet 7 to which the toner image on 
the drum 1 is to be transferred, is transported to the fac- 

5 ing region between the drum 1 and the brush 5. 

Conventionally, it is very usual to employ a plurality 
of transportation roller pairs and transportation guide 
plates to transport the sheet 7. These days, however, a 
conveyor belt is frequently used for this purpose 

10 because it can steadily transport the sheet in a high- 
speed image forming process. The conveyor belt sys- 
tem is advantageous in a case that a plurality of photo- 
conductive drums are arranged side by side to form a 
plurality of image forming units corresponding to various 

IS colors for full-color image formation, because it is easy 
to arrange the photoconductive drums side by side 
along ttie conveyer belt. In general, the conveyor belt 8 
is formed of a dielectric or semiconductor film. The belt 

8 is a horizontally stretched loop, horizontally opposite 
20 end portions of which are supported by a rotating roller 

9 and a driven roller 10. individually. An upper surface of 
an upper extending portion of the belt 8 is in contact 
witti a lower end of the peripheral surface of the photo- 
conductive drum 1, and the belt 8 is moved circularly in 

25 a counterclockwise direction indicated by an arrow "a" in 
FIG. 6. The sheet 7 is placed on the upper surface of ttie 
upper extending portion, and is transported to the facing 
region between the drum 1 and the transfer brush 5 in 
such a manner that it is held together with the belt 8 by 

30 the driven roller 10 and an auxiliary roller 1 1 . By the 
way, it is well known to apply an attraction bias voltage 
of a predetermined polarity to the auxiliary roller 1 1 from 
a power source (not shown). According to this, the sheet 

7 is attracted on the belt 8 by the attraction bias voltage 
35 and is furttier pressed on the belt 8 by the auxiliary roller 

11, so ttiat tiie sheet 7 can be transported more 
securely by means of ttie conveyor belt 8. 

The transfer brush 5 faces the photoconductive 
drum 1 with ttie conveyor belt 8 interposed there- 
to between, and slidably contacts a back surface of the 
upper extending portion of the belt 8. thus forming a 
transfer section. The brush 5 is formed of an electrically 
conductive brush-shaped member, and is connected to 
a positive power source (not shown). The transfer brush 
45 5 applies a positive transfer bias to the sheet 7 tfirough 
the conveyor belt 8. The negative toner image on the 
drum 1 is transferred to the sheet 7 having a positive 
potential. The sheet 7 on which the toner image have 
been transferred, is separated from the upper extending 
50 portion of the belt 8 at its downsfa-eam end witti respect 
to the transportation direction. Then, the toner image is 
thermally fixed on the sheet 7 by means of a fixing unit 
(not shown), and is discharged from the image forming 
apparatus. 

55 Since the atti-action and transfer bias voltages are 
applied to the conveyor belt 8. ttie toner, paper dust, etc. 
are easily attached to those regions of the conveyor belt 

8 on which the sheet 7 is not placed. To remove ttie 
attached toner, paper dust etc. from the conveyor belt 
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8, a belt cleaning apparatus is provided under the con- 
veyor beft 8. The apparatus includes a blade scraper 12 
and a cleaner bottle 13. The scraper 12 is pressed 
against a lower surface of a lower extending portion of 
the belt 8 at a position corresponcfing to the driven roller 
10. to scrape off the attached toner, paper dust. etc. on 
the belt 8. The bottle 13 receives and stores the toner, 
dust, etc. removed from the belt 8 in this manner. 

FIG. 5A is a aoss sectional view showing the belt 
cleaning apparatus which includes the conveyor belt 8. 
the driven roller 10, the blade scraper 12, and the 
cleaner bottle 13, and FIG. 5B is an enlarged cross sec- 
tional view showing a portion encircled by a broken^line 
VB on a left end side of the cleaning apparatus in FIG. 
5A. The cleaning apparatus shown in FIG. 5A has a 
symmetrical structure in its cross section so that a right 
end of the cleaning apparatus in FIG. 5A has the same 
structure as that of the left end of the cleaning appara- 
tus in FIG. 5A. As shown in FIG. 5A. an upper end por- 
tion of the blade scraper 12 is pressed against the lower 
surface of the lower extending portion of the conveyor 
belt 8, while a lower end portion thereof is supported by 
a support member 14. As shown in FIG. 6, that portion 
of the belt 8 on which the scraper 1 2 is pressed against 
is supported by the driven roller 10. Thus, the roller 10 
further serves as a backup roller for the scraper 12. so 
that the belt 8 will not escape from the upper end portion 
of the scraper 12 while the upper end portion of the 
scraper 12 is pressed on the belt 8. In this manner, the 
scraper 12 can be pressed against the belt 8 securely 
enough to remove the toner, dust. etc. from the belt 8. 
The driven roller 10 is supported on a frame 16 of the 
image forming apparatus by means of a support shaft 
15. 

Generally, a belt conveyor system is provided with a 
side-stopper mechanism for preventing the conveyor 
belt from sideslipping in its width direction. This mecha- 
nism includes a pair of elastic side-stopper members 1 7 
which are fixed to both side end portions of the back or 
inner surface of the conveyor belt 8 shown in FIG. 5A 
and extend in a longitudinal direction of the belt 8. 

Since these side-stopper members 17 are 
designed to abut the side surfaces of the driven roller 10 
and the rotating roller 9 to prevent the conveyor belt 8 
from sideslipping, the both side end portions of the back 
or inner surface of the belt on which the side stopper 
members 1 7 are fixed are not supported by those rollers 
9 and 10. Thus, when the both side end portions of the 
belt 8 reach the upper end portion of the blade scraper 
1 2, the both side end portions easily bend to move away 
from the upper end portion of the scraper 1 2 as shown 
in FIG. 58, so that the scraper 12 cannot be pressed 
against the both side end portions of an outer surface of 
the lower extending portion of the conveyor belt 8 
enough to remove the toner, dust, etc. from the both 
side end portions of the outer surface of the belt 8. The 
toner, dust, etc. remaining on the kx)th side end portions 
of the outer surface of the belt 8 are finally moved to a 
central portion of the outer surface of the belt 8, and 



possit)ly produce an unfavorat)le result in the image 
transfer operation. This problem cannot be very serious 
if the width of the belt 8 is made greater enough than 
that of maximum-width paper sheets (that is, a width of 

5 the photoconductive drum or a width of the developing 
unit) usable in the image forming apparatus. If this Is 
done, however, the whole size of the apparatus inevita- 
bly becomes large as compared with the maximum- 
width paper sheet. Accordingly, the above described 

10 prot>lem becomes serious to minimize the whole size of 
the apparatus as small as possible compared to the 
maximum-width paper sheet usable in the apparatus. 

If the upper extending portion of the conveyor belt 8 
free from the press of the t^lade scraper 12 is subjected 

15 to a leftward deflective stress in its width direction in 
FIG. 7A, for example, while the belt 8 is circulating, the 
belt 8 easily deflects leftward as indicated by an arrow 
"b" in FIG. 78 despite the provision of the aforesaid 
side-stopper members. This deflection or sideslipping 

20 often causes the right-hand side-stopper member 1 7 to 
run onto the peripheral surface of each of the rotating 
roller 9. the driven roller 10, and tension rollers (not 
shown in FIG. 6) arranged between the rollers 9 and 10. 
Since the stopper member 17. like the conveyor belt 8, 

25 Is an endless continuous structure, once the stopper 
member 17 runs onto the peripheral surface of each of 
the rollers, this running of the stopper member 1 7 on the 
peripheral surface continues endlessly. 

In order to solve this problem, the following 

30 arrangement has been proposed. In this arrangement, 
as shown in FIG. 7C, a pair of belt retaining mecha- 
nisms are provided on tx>th opposite ends of a shaft of 
a roller 18, the roller being the tension roller, the rotating 
roller 9. or the driven roller 10. for pressing the belt 8 

35 toward its a center in its width direction. Each of the 
mechanisms includes a retaining flange 19 axially mov- 
ably mounted on each end portion of the shaft of the 
roller 18, a spring 21 coaxially mounted on each end 
portion of the shaft, for urging the flange 19 toward the 

40 corresponding side edge of the belt 8, and a nut 22 
screwed on each end portion of the shaft, for preventing 
removal of the spring 21 and adjusting the urging force 
of the spring. In tiiis arrangement, if tiie urging force of 
the springs 21 are properly adjusted, the deflecting or 

45 the sideslipping of the belt 8 can be considerably 
reduced. 

This arrangement, however, requires more compo- 
nents than those used in the arrangement of FIG. 7A, 
and therefore, makes inventory control more trouble- 
so some than that of the arrangement of FIG. 7A. Further, 
since this anangement increases the number of assem- 
bly steps, a manufacturing cost of this arrangement 
becomes high. Further, the belt rotating mechanisms 
provided on the both end portions of the shaft of the 
55 roller 18 hinder the reduction of the whole size of a body 
of an apparatus, the apparatus using the belt 8. Further- 
more, since the both side edges of the belt 8 are 
pressed inward in this arrangement, the cross section of 
the belt 8 is liable to bend upwardly or downwardly, and 
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this bending may possibly result in unsuccessful image 
transfer. 

The present invention has been contrived in consid- 
eration of these circumstances, and its object is to pro- 
vide a belt cleaning apparatus, capable of optimally 
cleaning a conveyor belt having a belt-shaped side- 
stopper member on each side end portion of an inner 
surface thereof even if a belt width is set as small as 
possible, and an image forming apparatus furnished 
with the same. 

in order to achieve the above object, a belt cleaning 
apparatus according to the present Invention and clean- 
ing an endless belt which is suspended by a plurality of 
rollers to be circularly moved, on the both side end por- 
tions of an inner peripheral surface of the endless belt in 
a width direction perpendicular to a moving direction 
thereof belt-shaped side-stopper members being fixed 
so that inner side surfaces of side-stopper members in 
the width direction are brought into contact with both 
end surfaces of at least one predetermined roller among 
the plurality of rollers and prevent the endless belt from 
sideslipping in the width direction, comprises: a belt 
cleaner including at least a cleaning member opposed 
to the predetermined roller so that the endless belt is 
held between the cleaning member and the predeter- 
mined roller and adapted to be pressed against an outer 
peripheral surface of the endless belt, thereby removing 
deposits adhering to the outer peripheral surface. A 
length of the cleaning member in the width direction is 
so set that the length is not shorter than a width of the 
endless belt. An assistant support roller member having 
a diameter smaller than that of the predetermined roller 
by a length corresponding to a thickness of the side- 
stopper member is coaxially provided on each of both 
end portions of the predetermined roller member, and 
makes an outer peripheral surfece of the assistant sup- 
port roller being in contact with an inner peripheral sur- 
face of each of the side-stopper members. The radius of 
the assistant support roller member is so set that the 
radius is greater than a value obtained by subtracting 
the thickness of the each side-stopper member from the 
radius of the predetermined roller. The assistant sup- 
port roller members or the side-stopper members are 
elasticalty defbrmable so that a distance from a rota- 
tional center of each assistant support roller member to 
the outer peripheral surface of the endless belt 
becomes equal to a distance from a rotational center of 
the predetermined roller to the outer peripheral surface 
of the endless belt while the cleaning member is in con- 
tact with the outer peripheral surface of the endless belt 

In the belt cleaning apparatus of the invention struc- 
tured in this manner, the endless belt may be a conveyor 
belt adapted to carry and transport a transfer medium 
on an outer peripheral surface thereof. 

In order to achieve the above object, an image 
forming apparatus according to this present invention 
comprises: a plurality of image carrying bodies 
arranged side by side; a plurality of toner image forming 
means for forming toner images of predetermined 



colors on the image carrying k>odies; an endless con- 
veyor belt extending along the image carrying bodies 
and having an outer peripheral surface carrying a trans- 
fer medium thereon: a plurality of rollers on which the 

5 conveyor belt is suspended so that the conveyor belt is 
circulated to bring the transfer medium into contact with 
at least one of the image carrying bodies; belt-shaped 
side-stopper members attached to both side end por- 
tions of an inner peripheral surface of the conveyor belt 

10 in a width direction perpendicular to a moving direction 
thereof so that inner side surfaces of the side-stopper 
members in the width direction are brought into contact 
with tx)th end surfaces of at least one predetermined 
roller among the rollers to prevent the conveyor belt 

IS from sideslipping in the width direction; a plurality of 
transfer means an'emged in a space surrounded by the 
conveyor belt to correspond to the image canrying bod- 
ies, thereby forming a plurality of transfer sections, and 
adapted to be supplied with a transfer bias voltage of a 

20 predetermined polarity to transfer the toner images from 
the image carrying bodies to the transfer medium being 
in contact with the image carrying bodies; separating 
means for separating the transfer medium to which the 
toner images have been transferred, from the conveyor 

25 belt; and a belt cleaner including at least a cleaning 
member located opposite the predetermined roller, on 
that side of the transfer sections remoter from the sepa- 
rating means in the moving direction of the conveyor 
belt, so that the conveyor belt is held between the clean- 

30 ing member arxi the predetermined roller, and adapted 
to be pressed against the outer peripheral suriace of the 
conveyor belt, thereby removing deposits adhering to 
the outer peripheral surface. A length of the cleaning 
member in the width direction is so set that the length is 

35 not shorter than a width of the conveyor belt. An assist- 
ant support roller member having a diameter smaller 
than that of the predetermined roller by a length corre- 
sponding to a thickness of the side-stopper member is 
coaxially provided on each of both end portions of the 

40 predetermined roller member, and makes an outer 
peripheral surface of the assistant support roller being 
in contact with an inner peripheral surface of each of the 
side-stopper memt)ers. The radius of the assistant sup- 
port roller member is so set that the radius is greater 

45 than a value obtained by subtracting the thickness of the 
each side-stopper member from the radius of the prede- 
termined roller. The assistant support roller members or 
the side-stopper members are elastically deformable so 
that a distance from a rotational center of each assistant 

so support roller member to the outer peripheral surface of 
the conveyor belt becomes equal to a distance from a 
rotational center of the predetermined roller to the outer 
peripheral surface of the conveyor belt while the clean- 
ing member is in contact with the outer peripheral sur- 

55 face of the conveyer belt. 

In the belt cleaning apparatus and the image form- 
ing apparatus of this invention structured in this manner, 
the belt cleaner may includes a removable cleaner bot- 
tle for storing the deposits removed from the conveyer 
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beh by means of the cleaning member. Also, the clean- 
ing member may be formed of an elastic plate, and may 
be in the form of a counter-blade having one end portion 
pressed against the outer peripheral surface of the end- 
less belt and the other end portion located and sup- 
ported on the downstream side of the one end portion 
with respect to the moving direction of the endless belt. 
Preferably, the assistant support roller members are 
formed integrally with the predetermined roller. In order 
to maintain the correct position of the endless belt for 
circulation, each side-stopper member preferably 
includes an unfixed portion situated inside that portion 
of the side-stopper member which is fixed to the con- 
veyor belt, with respect to the width direction of the belt, 
and the unfixed portion being inclined gradually away 
from the inner peripheral surface of the conveyor belt 
while the unfixed portion being away from an outer side 
surface of the side-stopper member. 

In order to achieve the above object, an image 
forming apparatus according to the present invention 
comprises: a plurality of image carrying bodies 
arranged side by side; a plurality of toner image forming 
means for forming toner images of predetermined 
colors on the image carrying bodies; an endless con- 
veyor belt extending along the image carrying bodies 
and having an outer peripheral surface carrying a trans- 
fer medium thereon; a plurality of rollers on which the 
conveyor belt is suspended so that the conveyor belt is 
circulated to bring the transfer medium into contact with 
at least one of the image carrying bodies; belt-shaped 
side-stopper members attached to both side end por- 
tions of an inner peripheral surface of the conveyor belt 
in a width direction perpendicular to a moving direction 
thereof so that inner side surfaces of the side-stopper 
members in the width direction are brought into contact 
with both end surfeces of at least one predetermined 
roller among the rollers to prevent the conveyor belt 
from sideslipping in the width direction; a plurality of 
transfer means arranged in a space surrounded by the 
conveyor belt to correspond to the image carrying bod- 
ies, thereby forming a plurality of transfer sections, and 
adapted to be supplied with a transfer bias voltage of a 
predetermined polarity to transfer the toner images from 
the image carrying bodies to the transfer medium being 
in contact with the image carrying bodies; separating 
means for separating the transfer medium to which the 
toner images have been transferred, from the conveyor 
belt; and a belt cleaner including a cleaning member of 
a counter-blade type and a cleaner bottle. The cleaning 
member is located opposite the predetermined roller, on 
that side of the transfer sections remoter from the sepa- 
rating means in the moving direction of the conveyor 
belt, and includes an elastic plate having a length in the 
width direction not shorter than a width of the conveyor 
belt. The elastic plate has one end portion pressed 
against the outer peripheral surface of the conveyor belt 
80 that the conveyor belt is held between the one end 
portion of the cleaning member and the predetermined 
roller, and the other end portion located and supported 



on the downstream side of the one end portion with 
respect to the moving direction of the conveyor belt The 
elastic plate is adapted to remove deposits adhering to 
the outer peripheral surface of the conveyor belt. The 

5 cleaner bottle is capable of storing the deposits 
removed from the outer peripheral surface of the con- 
veyer belt by means of the cleaning member. 

Ihe belt cleaning apparatus or the image forming 
apparatus of this invention structured in this manner 

10 preferably further comprises attraction aid means for 
assisting attraction of the transfer medium to the con- 
veyor belt by charging a whole outer peripheral surface 
of the conveyor belt in the width direction to a predeter- 
mined polarity. The attraction aid means may includes 

15 an attraction aid roller being in corrtact with the outer 
peripheral surface of the conveyor belt and attraction 
bias voltage applying means for applying an attraction 
bias voltage to the attraction aid roller. 

In the image forming apparatus of this invention 

20 structured in this manner, moreover, the attraction bias 
voltage applying means preferably applies a voltage of 
the same polarity as the transfer bias voltage to the 
attraction aid roller. 

According to the belt cleaning apparatus and the 

25 image forming apparatus of this invention structured in 
this manner, the both side end portions of the endless 
belt can be prevented from moving inward caused by 
external pressure-contact applied by the cleaning mem- 
ber, with use of auxiliary support rollers having a simple 

30 Structure. Accordingly, residual toners and dust can be 
removed from all of the outer peripheral surface of the 
endless belt including not only the central portion but 
also the both side end portions in the width direction, so 
that there is no possibility that the residual toners and 

35 dust on the both side end portions are moved to the 
central portion and lower the function of the belt. Thus, 
when the belt cleaning apparatus of this invention is 
used in the image forming apparatus, the image forming 
apparatus can maintain good conditions for image for- 

40 mation. 

This invention can be more fully understood from 
the following detailed desaiption when taken in con- 
junction with the accompanying drawings, in which: 

45 FIG. 1 A is a cross sectional view of a belt cleaning 
apparatus according to an embodiment of this 
invention when it is viewed from an upstream side 
of an endless belt to which the apparatus is applied; 
FiG. 1 B is an enlarged cross sectional view show- 
so ing a portion encircled by a broken-line circle IB in 
FIG. 1A; 

FIG. 2 is a longitudinal sectional view schematically 
showing an internal structure of an image forming 
apparatus furnished witii the belt cleaning appara- 
55 tus of FIGS. 1 A and IB; 

FIG. 3 is an enlarged view showing schematically a 
main part of the internal structure of the image 
forming apparatus of FIG. 2; 
FIG. 4A is a cross sectional view showing a aoss 
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section of a side^topper member according to 
another embodiment of this invention and a cross 
section of a conveyor belt to which the side-stopper 
mender is attached; 

FIG. 4B is an enlarged aoss sectional view sche- 
matically shewing a portion encircled by a broken- 
line circle IVB in FIG. 4A; 

FIG. 4C is an enlarged cross sectional view sche- 
matically showing the same portion as that in FIG. 
4B but the side-stopper member is under operating 
condition: 

FIG. 5A is a cross sectional view showing a conven- 
tional belt cleaning apparatus when it is viewed 
from an upstream side of an endless belt to which 
tiie conventional apparatus is applied: 
FIG. SB is an enlarged cross sectional view show- 
ing a portion encircled by a broken-line circle VB in 
FIG. 5A: 

FIG. 6 is an enlarged view schematically showing a 
main part of an internal structure of a conventional 
image forming apparatus furnished witii the con- 
ventional belt cleaning apparatus shown in FIGS. 
5A and 5B; 

FIG. 7A is a cross sectional view schematically 
shewing an upper extending portion of ttie conven- 
tional conveyor belt with a pair of skie-stopper 
members in a condition that tiie belt is laid on a 
guide roller which is free from the press of a blade 
scraper of the conventional cleaning apparatus; 
FIG. 78 is a cross sectional view schematically 
showing the upper extending portion shown in FIG. 
7 A in a condition that tiie belt is subjected to a left- 
ward deflective stress in its width direction; and 
FIG. 7C is a cross sectional view schematically 
showing the upper extending portion shown in FIG. 
7A in a condition that the belt Is lakJ on a gukie roller 
which is provided witii a conventional mechanism 
for preventing tiie belt from sideslipping. 

Preferred embodiments of this invention will now be 
described in detail witii reference to FIGS. 1 to 4 of the 
accompanying drawings. 

FIG. 1 A is a cross sectional view of a belt cleaning 
apparatus according to an emtxxJiment of the invention 
when it is viewed from an upstream side of an endless 
belt to which the apparatus is applied, and FIG. 1 B is an 
enlarged cross sectional view showing a portion encir- 
cled by a broken-line circle IB in FIG. 1 A. FIG. 2 is a lon- 
gitudinal sectional view schematically showing an 
internal structure off an image forming apparatus fur- 
nished with the belt cleaning apparatus of FIGS. 1 A and 
1 B, and FIG. 3 is an enlarged view schematically show- 
ing a main part of tiie internal structure of the image 
forming apparatus of FIG. 2. 

Referring first to FIGS. 2 and 3, a whole structure of 
an image forming apparatus 30 will be described. As 
shown in FIGS. 2 and 3. the image forming apparatus 
30 comprises a vertically swingable tray 31 on its rear 
surface (on a left-end surface in FIG. 2) and a paper 



sheet cassette 32 in its lower part. The cassette 32 is 
removably located in the lower part an6 is capable of 
insertion or removable to tiie lower part of tiie apparatus 
30 through its front surface (through its right-end sur- 

5 face in FIG. 2). The cassette 32 contains a large 
number of paper sheets P. The ap^jaratus 30 has a top 
cover 33 as its top surface. A power switch, a Ikiuki ays- 
tal display unit, a plurality of input keys, etc. (not shown) 
are arranged on a front end part of the cover 33. A rear 

10 end part of the top cover 33 forms a sheet receiving b^ay 
34. 

An endless conveyor belt 35 in the form of a hori- 
zontally flattend loop, is located sut>stantialty in a center 
of the apparatus 30 in a vertical direction. The horizon- 

15 tally opposite end portions of the loop are heki on a driv- 
ing roller 36 and a driven roller 37. In order to strongly 
electrostatically attract the sheet P to the belt 35. tiie 
belt 35 of this embodiment has a volume electric resis- 
tivity of 10^^ n • cm or more. More specifically, tiie con- 

20 veyor belt 35 is formed of a film member of 150-jim 
tiiickness having a volume electric resistivity of 10^^ to 
10^^ O'cm by adding cartwn black to fluoroplastics 
(tetrafluoroethylene copolymer (ETFE)) to adjust Its 
electric resistance. The belt 35 is driven by the driving 

25 roller 36, and circulates in tiie counterclockwise direc- 
tion indicated by arrow "c". Four photoconductive drums 
38 (38a, 38b. 38c and 38d) are an-anged side by side in 
a sheet transportation direction (from right to left in FIG. 
2) along an upper extending portion of the conveyor belt 

30 35. The sheet P is transported to transfer sections cor- 
responding to lower ends of photoconductive drums 
38a, 38b, 38c and 38d by ttie conveyor belt 35, and 
toner images are transferred to the sheet P from the 
photoconductive drums 38 at the transfer sections. If the 

35 volume electi'ic resistivity of the t^elt 35 is lower than 
10^^ n«cm, the sheet P is hardly electrostatically 
attracted to ttie belt 35. The reason why this is believed 
ttiat electric charge cannot stay on an inner peripheral 
surface of tiie belt 35. 

40 A drum cleaner, an initializing charger brush, a writ- 
ing head 39 (39a, 3gb, 39c or 39d) and a developing 
unit 41 (41a, 41b, 41c or 41 d) are arranged around each 
photoconductive drum 38 in the clockwise direction. A 
ti-ansfer brush (fransfer means) 42 (42a. 42b, 42c or 

45 42d) is an-anged to face a lower end of each drum 38 
with tiie belt 35 interposed therebetween, and forms the 
ti'ansfer section 42T 

Each transfer brush 42 is formed by attaching a pile 
of electrically conductive rayon, nylon, or acrylic fiber to 

50 a metallic or plastic base. As shown in FIG. 3. each 
brush 42 is connected with a transfer power source 70 
tiiat outputs positive constant current. A value of current 
needed to be supplied to each brush 42 varies depend- 
ing on a circulating speed and width of the conveyor belt 

55 35. txit it is found that the value is usually only at several 
microamperes through experiments. The aforesaid pos- 
itive electric charge is applied from the brush 42 to the 
sheet P through the belt 35. and a negative toner image 
on tiie photooonductor drum 38 (38a. 38b, 38c or 38d) 
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is transferred to the sheet P which is in contact with the 
drum, by means of an electric field' generated by the 
positive charge. 

In this manner, the corrveyor belt 35 has a semioon- 
ductive resistance and each transfer means is struc- 
tured as the transfer brush 42 that ts in contact with the 
beH. Th^efore. even if the resistance between the base 
of the transfer brush 42 and a ground drops in high 
humid condition, the transfer load resistance is kept 
lower than the resistance t>etween them, so that the 
transfer curent ftows toward the sheet Accordingly, a 
satisfactory transfer field can be obtained even in this 
casa Thus, the image forming apparatus can be used 
in any environmental conditions between a high dried 
condition arxi a high humid condition. 

Each developing unit 41 makes a developing roller 
rotatably supported in a bottom opening of the unit 41 . 
contact an outer peripheral surface of its con-esponding 
photoconductor drum 38, and forms a developing sec- 
tion. Each writing head 39 is attached on an inner sur- 
face of the top cover 33. and is positioned between its 
corresponding initializing charger brush and the devel- 
oping roller of its corresponding developing unit 41 to 
form a recording section when the cover 33 is arranged 
in its closed position as shown in FIG. 2. A free rotatable 
support roller 43 (43a, 43b, 43c or 43d) supports the 
inner peripheral surface of the upper extending portion 
of the cover belt 35 on an upstream side of each transfer 
brush 42 in the circulating direction of the belt, so that 
the upper extending portion of the conveyor belt 35 is 
not slacken downward. 

Further, a tension roller 44 is pressed against the 
inner peripheral surface of the lower extending portion 
of the conveyor belt 35 at a position near to the driving 
roller 36. The roller 44 is urged downward by means of 
an urging member (not shown) so that the belt 35 Is 
pressed down, as indicated by arrow "d" in FIG. 2. 
whereby the deflection of the belt 35 is dissolved and 
the conveyor belt 35 is stretched between the driving 
and driven rollers 36 and 37 under a given tension. 

At an upstream end portion of the upper extending 
portion of the conveyor belt 35, an attraction roller 45 is 
pressed against the driven roller 37 across the belt 35. 
whereupon a sheet inlet section is formed. As shown In 
FIG. 3, the attraction roller 45 is applied with an attrac- 
tion bias voltage from an attraction bias power source 
71. The sheet supplied to the sheet inlet section is 
surely attracted to the belt 35 with the aid of the attrac- 
tion bias voltage and the press of the attraction roller 45. 
The attraction bias voltage is applied to the attraction 
roller 45 with suitable timing defined by a switch 72. 

The driven roller 37 is structured by a grourKied 
metallic roller, and the attraction roller 45 is structured 
by a rubber roller an electric resistance of which is 
adjusted with a volume of carbon black added to the 
rubber roller. In this embodiment, the roller 45 may be 
formed of. for example. CR rubber that exhibits an elec- 
tric resistance of 10^ O when a voltage of 500 V is 
applied to a shaft of the roller and an outer peripheral 



surface of the roller. The roller 45 is supplied with a pos- 
itive voltage of. e.g., +2.0 kV from the attraction bias 
power source 71 . the polarity of which is the same as 
that of a voltage Vt applied to the transfer brushes 42 
5 (42a. 42b. 42c and 42d of FIG. 2). Thus, the sheet P 
supplied to the sheet inlet section can be positively elec- 
trostatically attracted to the conveyor belt 35. and can 
be transported to the transfer sections 42T without dis- 
location. 

10 Preferably, the polarity of the bias voltage applied to 
the attraction roller 45 should be the same as that of the 
voltage applied to the transfer brushes 42. The reason 
of this is as follows. 

In normal or low-humid environment, the sheet P 

IS has a high electric resistance when tiie sheet P is held 
between the atfa-action roller 45 and the driven roller 37 
and a leading end of sheet P reaches at a first transfer 
section between the first photoconductive drum 38a and 
the first transfer brush 42a. In high-humid environment. 

20 however, tiie electric resistance of the sheet P lowers, 
so that the sheet allows electric cun'ent to flow therein 
when the voltage applied thereto increases. Thus, if the 
porality of the bias voltage applied to tiie attraction roller 
45 is opposite to the porality of the voltage applied to tiie 

25 transfer brushes 42, the absolute value of the potential 
difference between the transfer section on the transfer 
brush 42 and the attraction section on the roller 45 is 
equal to the sum of the absolute values of the voltages 
applied to the roller 45 and the brushes 42. Accordingly. 

30 the current supplied from the transfer power source 70 
to each transfer brush 42 flows out toward the atto^action 
bias power source 71 through the sheet P, so that the 
electric field needed for transferring the toner image 
formed on each photoconductive drum 38 to the sheet 

35 cannot be generated. 

To prevent this, in the image forming apparatus 30 
according to tiie present embodiment, the porality of the 
bias voltage applied to tiie attraction roller 45 is so set 
that it is the same polarity as the transfer voltage applied 

40 to the transfer brushes 42. Preferably, if the value of the 
bias voltage is so set that it is substantially equal to the 
voltage Vt of the transfer power source 70, the above 
mentioned potential difference will not be generated, so 
that the current never flows or leaks out from the belt 35. 

45 Accordingly, the sheet can be surely and strongly 
atti-acted to the conveyor belt 35 so that the dislocation 
of tiie sheet on the belt is not generated while the sheet 
is transferred by the belt and satisfactory image trans- 
fer from tiie photoconductive rollers 38 (38a. 38bL 38c 

so and 38d) to ttie sheet is performed. 

Since the conveyor beW 35 has the volume resistiv- 
ity of 10^^ to 10**^ n-cm. transfer medium (sheet) 
attracting means is composed of a pair of rollers, i.e.. 
the grounded driven roller 37 and the attraction roller 45 

55 supplied with voltage, and the voltage with the same 
pdarity as the transfer brushes 42 is applied to the outer 
peripheral surface (the transfer medium attracting sur- 
face) of the upper extending portion of the conveyor 
belt, the transfer medium can be surely attached to the 
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outer peripheral surface and can be surely transported 
with a smaller power source and such a simpler struc- 
ture described above. Moreover, satisfactory image 
transfer can be performed without produdng ozone in 
the wide range environment between the high dried 
condition and the high humid condition. 

The developing units 41. from the most upstream 
side unit 41a to the nrxjst downstream side unit 41 d with 
respect to the sheet transportating direction, are stored 
individually with M (magenta). C (cyan). Y (yellow), and 
Bk (black) toners. The Bk toner is used exclusively for 
printing characters and black areas of images. 

A pair of standby rollers 46 are arranged on an 
upstream side (right-hand side in FIG. 2) of the upper 
extending portion of the conveyor belt 35, and a sheet 
guide path 47 extend downward from the rolls 46. Feed 
rollers 48 are arranged at the lower end portion of the 
guide path 47. A sheet feeding end of the sheet cas- 
sette 32 is situated on an upstream (under) side of the 
feed rollers 48. A sheet-supply roller 49 is located over 
the sheet feeding end of the cassette 32. With every 
revolution of the roller 49. the uppermost one of the 
sheets in the cassette 32 is picked up and delivered to 
the feed rollers 48. 

On the other hand, a separation daw 51. a fixing 
unit 52, an exit rollers 53, and a shift lever 54 are 
arranged on a downstream side (left-hand side in FIG. 
2) of the upper extending portion of the conveyor belt 
35. The fixing unit 52 is composed of a pressure roller, 
a fixing roller, a heating roller, a surface cleaner, an oil 
applicator, a thermistor, etc. that are assembled in a 
heat-insulating case, and thermally fixes the transferred 
toner image to the sheet. 

When the shift lever 54 is located in a position 
shown in FIG. 2, it guides the sheet supplied from a 
down stream end of the upper extending portion of the 
belt, to tiie receiving tray 34 through an upper exit path 
55 and a pair of exit rollers 56. When the swingable tray 
31 on the rear surface of the apparatus is rotated coun- 
terclockwise from the closed position shovm in FIG. 2 to 
a horizontal open position and the lever 54 is also 
rotated counterclockwise around a pivot on its left-hand 
end from tiie inclined position shown in FIG. 2 to a hori- 
zontal position, the lever 54 guides tiie sheet supplied 
from the down stream erKi of the upper extending por- 
tion of the belt to the swingable tray 31 . 

A belt cleaner 57 is removably located between the 
lower extending portion of the conveyor belt 35 and the 
sheet cassette 32. The cleaner 57 includes a cleaner 
bottle 57a, a press sheet 57b, a t)Iade scraper 58, and a 
support member 62. etc. through which tiie sheet 57b 
and the scraper 58 are supported on the bottie 57a. The 
scraper 58 presses its one end portion 58a against the 
outer peripheral surface of the lower extending portion 
of the conveyor belt 35 in a counter manner. A backup 
roller 59 is pressed against the inner peripheral surface 
of the lower extending portion of the belt 35 at a position 
corresponding to the one end portion 58a of the scraper 
58, and presses the belt 35 against the one end portion 



58a of the scraper 58. The blade scraper 58 scrapes off 
the residual toners, dust. etc. on tiie outer peripheral 
surface of the lower exterxJing portion of the belt 35. and 
the scraped toners, dust etc. are collected in the 

5 deaner bottie 57a. 

Between the conveyor belt 35 and ttie sheet cas- 
sette 32. moreover, an electrical unit 61 is arranged at a 
rear side of the deaner 57. The unit 61 can be provided 
with a given nun^er of drcuit boards. Each drcuit board 

10 provided in the unit 61 carries thereon a controller that 
is composed of a plurality of electronic components. 

The confroller comprises a controlling section (not 
shown) and an engine section (not shown). The control- 
ling section includes a CPU (central processing unit). 

IS ROM (read-only memory), EEPROM (electrically erasa- 
ble and programmable read-only memory), frame mem- 
ory, image data transfer circuit, etc. The controlling 
section analyzes print data input from such as a host 
computer and the like, and forms operation data for 

20 operating the engine section to makes the image form- 
ing apparatus 30 perform a printing operation. 

The engine section includes a CPU, ROM, etc. 
Data and command signals from the controlling section, 
outputs from a temperature sensor and a sheet sensor, 

25 etc. are supplied to input terminals of the engine sec- 
tion. Output terminals of tiie engine section are con- 
nected with a motor driver for driving a motor (not 
shown), a clutch driver for operating a transmission sys- 
tem to transmit selectively a driving force of the motor to 

30 various parts, a printing driver for driving tiie writing 
heads 39 In accordance witii the operating data, a bias 
power source driver for supplying a predetermined bias 
current to tiie initializing charger brushes, developing 
rollers, transfer brushes 42. attraction roller 45, etc. 

35 In tiie followings, the operation of the image forming 
apparatus 30 structured as described above will be 
described in detail with reference to FIG. 2. Rrst, a main 
switch of tiie apparatus 30 is turned on. and the type 
and number of paper sheets used, printing mode, and 

40 other orders are inputted in tiie controllers of the electri- 
cal un'rt 61 through terminal devices or the input keys on 
tiie top cover 33. Thereupon, the sheet-supply roller 49 
takes one revolution by a drive mechanism (not shown), 
and feeds the upper most one of the sheets P from the 

45 sheet cassette 32 to tiie standby rollers 46 tiirough tiie 
feed rollers 48. The sheet P makes its leading end con- 
tact tiie contact line between tiie standby rollers 46 to 
prevent tiie sheets from skewing and is stopped its 
movement toward the ti-ansfer sections. 

50 Subsequently, the driving roller 36 rotates counter- 
dockwise, so that the conveyor belt 35 and the driven 
roller 37 are drculated and rotated in the counterdock- 
wise direction. Thereupon, the outer peripheral surface 
of tiie upper extending portion of the conveyor belt 35 

55 makes a slkting contact with the lower ends of the four 
photoconductive drums 38. 

At the same time, the four developing units 41 and 
the four photoconductive drums 38 are successively 
driven in accordance with predetermined timing for 
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printing. Each drum 38 rotates in the clockwise direc- 
tion, its corresponding initializing charger brush uni- 
formly applies a high negative charge to the outer 
peripheral surface of the drum 38, and its corresponding 
writing head 39 exposes the outer peripheral surface of 5 
the drum 38 in accordance with an image forming signal 
supplied from the controller in the electrical unit 61. 
thereby forming a low-potential region in the highly neg- 
atively charged outer peripheral surface of the drum 38. 
As a result, the low-potential region serves as an elec- 
trostatic latent image. The developing roller of each 
developing unit 41 transfers the toners to the low-poten- 
tial region of the latent image, thereby forming the toner 
image on the outer peripheral surface of its correspond- 
ing photoconductive drum 38 (This is a reverse develop- 
ment). 

The standby rollers 46 start its rotation at the prede- 
termined timing according to which a predetermined 
printing start position on the sheet reaches the transfer 
section when a leading end of the toner image on the 
outer peripheral surface of the most upstream photo- 
conductive drum 38a reaches the transfer section. The 
driven roller 37 and the attraction roller 45 presses and 
attracts the sheet P supplied from the standby rollers 46 
on the outer peripheral surtece of the upper extending 
portion of the belt 35. The attracted sheet is transported 
by the upper extending potion of the belt 35 to the first 
transfer section 42T that is formed between the first 
most upstream photoconductive drum 38a and the first 
most upstream transfer brush 42a. 

The transfer brush 42a applies a transfer current 
supplied from the transfer power source 70. to the sheet 
through the conveyor belt 35. By this transfer current, an 
M (magenta) toner image on the first photoconductive 
drum 38a is transfenred to the sheet. Subsequently, a C 
(cyan) toner image is transferred to the sheet at the sec- 
ond most upstream transfer section 42T formed 
between the second most upstream photoconductive 
drum 38b and the second most upstream transfer brush 
42b. Further, a Y (yellow) toner Image Is transferred to 
the sheet at the third most upstream transfer section 
42T formed between the third most upstream photocon- 
ductive drum 38c and the third most upstream transfer 
brush 42c. Rnally. a Bk (black) toner image is trans- 
ferred to the sheet at the most downstream transfer sec- 
tion 42T formed between the most downstream 
photoconductive drum 38d and the most downstream 
transfer brush 42d. 

The sheet P to which the toner images of the four 
different colors have been transferred In this manner, Is 
separated from the outer peripheral surface of the upper 
extending portion of the conveyor belt 35 and is intro- 
duced into the fixing unit 52. The fixing unit 52 thermally 
fixes the toner images to the sheet. After this image fix- 
ing, the sheet P is discharged by the exit rollers 53 onto 
the swingable tray 31 located in the open position on the 
rear surface of the apparatus 30 or onto the upper 
receiving tray 34. on the swingable tray 31 the toner 
images on the sheet P fadng upward and on the receiv- 



ing tray 34 the toner images on the sheet facing down- 
ward. 

After the sheet P is se()arated. the toners, paper 
dust, eta adhering on the outer peripheral suriace of the 
belt 35 are removed off by the blade scraper 58 from the 
outer peripheral surface of the lower extending portion 
of the belt 

In the belt cleaning apparatus according to the 
present Invention and the in^age forming apparatus 30 
according to the present embodiment and provided with 
the belt cleaning apparatus, a special structure is 
employed to improve the cleaning performance of the 
belt cleaner 57 to the conveyor belt 35. The special 
structure will be described in the fbllowings. 

As shown in FIGS. 1A aruJ IB. the blade scraper 
(cleaning member) 58 is supported at its other end por- 
tion 58b by the support member 62, and presses its one 
end portion (upper edge portion) 58a against the outer 
peripheral surface of the lower extending portion of the 
endless conveyor belt 35. The lockup roller (predeter- 
mined roller) 59 presses the belt 35 against the one end 
portion 58a of the blade scraper 58. The backup roller 
59 is supported on a frame 64 of the apparatus 30 by 
means of its rotation center shaft 63. 

A width of the conveyor belt 35 is greater than the 
longitudinal length of the outer peripheral surface of the 
backup roller 59. and side-stopper members 65 formed 
of an elastic material such as rubber, are fixed to the 
tx}th side end portions of the inner peripheral surface 
35b of the belt 35. Each side-stopper member 65 
extends along Vne side erxj portion corresponding 
thereto and forms an endless belt to prevent the belt 35 
from sideslipping in its width direction on the above 
described various rollers including backup roller 59. on 
which the belt 35 is suspended. 

A length L of the blade saaper 58 in the width direc- 
tion of the conveyor belt 35 is not shorter than the width 
W of the belt 35. A narrow auxiliary support roller 
(assistant support roller member) 66 is provided at each 
end portion 59b of the backup roller 59 so as to be coax- 
ial with it. The axially support rollers 66 are in contact 
with peripheral surfaces of their corresponding side- 
stopper members 65. and support the both side end 
portions of the belt 35 through the members 65. The 
diameter of each auxiliary support roller 66 is made 
smaller than tiiat of the backup roller 59 by about the 
thickness T of each stopper member 65. More specifi- 
cally, the radius r^ of each auxiliary support roller 66 is 
sflghtiy greater than a value obtained by sutstracting the 
thickness T of each member 65 from the radius r2 of 
tiie backup roller 59. With this structure, when the con- 
veyor belt 35 reaches at the one end portion 58a of the 
blade scraper 58, each auxiliary support roller 66 or 
each side-stopper member 65 is elastically deformed. 
Therefore, the distance 1^ from the rotational center line 
of the auxiliary support roller 66 to the outer peripheral 
surface of the lower extending portion of the belt 35 
becomes equal to the distance I2 from the rotational 
center line of the backup roller 59 to the outer peripheral 
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surface of the lower extending portion of the beH. as 
shown In FIGS. 1 A and 1 B. 

The reduction of the radius r^ or the thickness T 
caused by compression of the auxiliary support roller 66 
or the side stopper member 65 generates a reaction s 
force acting on each side end portion of the conveyor 
belt 35. and this reaction force presses each side end 
portion of the outer peripheral surface of the lower 
extending portion of the belt 35 against the one end por- 
tion 58a of the blade scraper 58. In this manner, the 
t>oth side end portions of the outer peripheral surface of 
the lower extending portion of the belt 35 are backed up 
by the auxiliary support rollers 66 through the side-stop- 
per members 65 when the one end portion 58a of the 
blade scraper 58 is pressed against the outer peripheral 
surface of the lower extending portion of the belt 35. 
while the center portion of the outer peripheral surface 
of the lower extending portion of the belt 35 is backed up 
by the backup roller 59. Accordingly, the toners, dust, 
etc. adhering on an outer peripheral surface 35a of the 
belt 35 can be surely removed by the scraper 58 even at 
the both side end portions. Thus, the conveyor belt 35 
having the side-stopper member 65 on the botii side 
end portions of its inner peripheral sur^ce 35b, can be 
cleaned in an optimum manner. 

In the embodiment described above, each side- 
stopper member 65 is a belt-like elongate member hav- 
ing a rectangular cross section, and is simply fixed to 
each side end portion of the inner peripheral surface of 
the conveyor belt 35. However, the shape of each side- 
stopper member 55 and the method for attaching it to 
the belt 35 are not limited to these arrangements. 

FIG. 4A is a cross sectional view showing the cross 
section of the conveyor belt 35 witii side-stopper mem- 
bers each having an alternative shape, along the roller 
36. 37, 43 or 44 and another method for attaching the 
alternative side-stopper member to tiie conveyor belt 
35. FIG. 4B is an enlarged cross sectional view showing 
a part encircled by a broken-line circle IVB in FIG. 4A. 
FIG. 4C is an enlarged cross sectional view showing an 
operating of the alternative side-stopper member shown 
in FIG. 4A. In FIGS. 4A to 4C the same members as 
those in the above described embodiment are desig- 
nated by tiie same reference numerals as those used to 
designate the same member in the above described 
ennbodiment. A side-stopper member 65' shown in 
FIGS. 4A and 4B is formed of an elastic material such 
as rubber, and has a wedge shaped portion on the inner 
side of the member 65 in its aoss section, tiie wedge 
being pointed toward the central portion of the conveyor 
belt 35 in its width direction. The tip end of the wedge is 
slightly flattened in the vertical direction (perpendicular 
to tiie wedge axis), thus forming a flat inner side surface 
65a'. The side-stopper member 65' is f ixed at a horizon- 
tal surface 65C of its square shaped portion to each 
side end portion of the inner peripheral surface of the 
conveyor belt 35. Thus, the side-stopper member 65' is 
fixed at its outer square shaped portion corresponding 
to width "e" in FIG. 4B to the outer side end portion of 



the inner peripheral surface of the belt 35. while the 
inner wedge shaped portion corresponding to a wkfth T 
is not bonded to the belt. 

When the conveyor belt 35 is released from the 
pressure-contact witii tiie blade scraper 58 and is sup- 
ported by the driving roller 36. driven roller 37, free- 
rotatably support rollers 43, tension roller 44, etc. as it is 
circulated, as shown in FIG. 4A. the flat inner side sur- 
face 65a* of tiie wedge shaped portion of each side- 
stopper member 65' abuts against the side surface of 
each of the at>ove described rollers, tiiereby preventing 
tiie belt 35 from being dislocated in the width direction. 

If the conveyor belt 35 is shifted at for example the 
driving roller 36 to the right by a rightward stress, as 
indicated by anrow "g" in FIG. 4C. the left end portion of 
tiie belt 35 may be lifted slightiy. for example. However, 
since the abutting portion (the wedge shaped portion) of 
tiie side-stopper mennber 65' which abuts against the 
side surface of the driving roller 36. is separated from 
the belt 35 and elastically deformatsle, tiie dislocation of 
tiie belt 35 only makes the wedge-shaped portion be 
compressed, and never causes tiie member 65' to run 
onto the peripheral surface of the roller 36 as the belt 35 
is lifted. The compression produces a return stress 
(reaction force) which urges tiie compressed side-stop- 
per member 65* to return leftward, as indicated by anrow 
'Ti" in FIG. 4C. Thus, the conveyor belt 35 is pulled back 
leftward by the reaction force transmitted from the com- 
pressed wedge shaped portion of the side-stopper 
member 65* through the fixed square-shaped portion 
(corresponding to the widtii "e" in FIG. 4B) tiiereof. 
Thereupon, the region of the side end portion of the belt 
following the rightwardly dislocated region thereof in the 
belt circulating direction is gradually restored to its cor- 
rect position while the belt 35 is circulated. In this man- 
ner, tiie conveyor belt 35 can maintain its correct 
posture for its circulation without hindrance. 

The application of this metiiod for correcUy control- 
ling tiie posture of the belt during its circulation is not 
limited to the above described endless conveyor belt. 
The endless belt may be a photoconductive belt gener- 
ally used in an image forming apparatus, and may be 
any of endless-belt that circulates. 

According to the present invention, as described 
above, the both side end portions of the endless belt 
can be prevented from being moved by external pres- 
sure applied tiiereto. witii use of tiie auxiliary support 
rollers having the simple construction. Accordingly, the 
toners, dust, etc. adhering to the outer peripheral sur- 
face of the belt can be surely removed from a whole of 
the outer peripheral surface including the kx)th outer 
side end portions, not to mention the central portion, so 
tiiat there is no possit>ility that tiie toners, dust. etc. 
adhering on the kx3th side end portions move to the cen- 
tral portion and lowering the function of the belt. Thus, if 
the belt cleaning apparatus is used in an image forming 
apparatus, the image forming apparatus can maintain 
good conditions for image formation. 

In the case that tiie outer skJe portion of each side- 
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stopper member is fixed to each outer side end portion 
of the inner peripheral surface of the belt and the inner 
side portion thereof is separated from the belt, the sep- 
arated inner side portion of the side-stopper member is 
compressed when the belt is dislocated in its width 5 
direction. Thus, a return stress is generated in the sep- 
arated inner side portion of the side-stopper meniber, 
so that the belt can be easily restored to its correct posi- 
tion. 

The belt is only passed over the support rollers with w 
the side-stopper members being arranged outside the 
both outer side end surfaces of the rollers, conventional 
retaining flanges, springs, nuts, etc. are not needed. 
Thus, the attachment of the belt on the support rollers is 
easy and inproves its assembling efficiency. Moreover, is 
the omission of the conventional retaining flanges, 
springs, nuts. etc. facilitates to reduce the size of the 
body apparatus. 

Claims 20 

1. A belt cleaning apparatus for cleaning an endless 
belt (35) which is suspended by a plurality of rollers 
(36, 37. 43, 44. 59) to be circularly moved, 

25 

on the both side end portions of an inner 
peripheral surface of the endless belt (35) in a 
width direction perpendicular to a moving 
direction thereof belt-shaped side-stopper 
members (65) being fixed so that inner side 30 
surfaces of the side-stopper members (65) in 
the width direction are brought into contact with 
both end surfaces of at least one predeter- 
mined roller among the rollers (36. 37. 43. 44. 
59) and prevent the endless belt (35) from side- 3S 
slipping in the width direction, the cleaning 
apparatus comprising 

a belt cleaner (57) including at least a cleaning 
member (58) opposed to the predetermined 
roller (36. 37. 43, 44 or 59) so that the endless 40 
belt (35) is held between the cleaning member 
and the predetermined roller and adapted to be 
pressed against an outer peripheral surface of 
the endless belt, thereby removing deposits 
adhering to the outer peripheral surface, the 45 
cleaning apparatus characterized in that: 
a length of the cleaning member (58) in the 
width direction being so set that the length is 
not shorter than a width of the endless belt 
(35). so 
an assistant support roller member (66) having 
a diameter smaller than that {r^ of the prede- 
termined roller (36. 37, 43, 44 or 59) by a length 
(t) corresponding to a thickness of the side- 
stopper member (65). is coaxially provided on 55 
each of both end portions of the predetermined 
roller (36. 37. 43, 44 or 59) and makes an outer 
peripheral surface of the assistant support 
roller member (66) being in contact with an 



inner peripheral surface of each of the skie- 
stopper members (65), 

the radius (r^) of the assistant support roller 
member (66) being so set that the radius is 
greater than a value obtained by subtracting 
the thickness (t) of the each side-stopper mem- 
ber (65) from the radius {r^ of the predeter- 
mined roller (36. 37. 43, 44 or 59). and 
the assistant support roller members or (66) 
the side-stopper members (65) being elasti- 
cally deformable so that a distance (l-i) from a 
rotational center of each assistant support 
roller member (66) to the outer peripheral sur- 
face of the endless belt (35) becomes equal to 
a distance (y from a rotational center of the 
predetermined roller (36. 37, 43, 44 or 59) to 
the outer peripheral surface of the endless belt 
(35) while the cleaning member (58) is in con- 
tact with the outer peripheral surface of the 
endless belt (35). 

2. A belt cleaning apparatus according to claim 1. 
characterized in that the belt cleaner (57) further 
comprises a removable cleaner bottle (57a) for stor- 
ing the deposits removed from the conveyor belt 
(35) by means of the cleaning member (58). 

3. A belt cleaning apparatus according to claim 1. 
characterized in that the cleaning member (58) is 
formed of an elastic plate, and is in the form of a 
counter-blade having one end portion (58a) 
pressed against the outer peripheral surface of the 
endless belt (35) and the other end portion (58b) 
located and supported on the downstream side of 
the one end portion (58a) with respect to the mov- 
ing direction of the endless belt (35). 

4. A belt cleaning apparatus according to claim 1, 
characterized in that the assistant support roller 
members (66) are formed integrally with the prede- 
termined roller (36, 37. 43. 44 or 59). 

5. A belt cleaning apparatus according to claim 1, 
characterized in that each side-stopper member 
(65") includes an unfixed portion situated inside that 
portion of the side-stopper member (65*) which is 
fixed to the endless belt (35). with respect to the 
width direction of the belt (35). and the unfixed por- 
tion being inclined gradually away from the inner 
peripheral surface of the endless belt (35) while the 
unfixed portion being away from the outer side edge 
of the conveyor belt (35). 

6. A belt cleaning apparatus according to claim 1. 
characterized in that the endless belt (35) is a con- 
veyor belt adapted to carry and transport a transfer 
medium (P) on the outer peripheral surface thereof. 

7. A belt cleaning apparatus according to daim 6, 
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characterized in that the belt cleaning apparatus 
further comprises attraction aid means (45. 71) for 
assisting attraction of the transfer medium to the 
conveyor belt (35) by charging a whole cuter 
peripheral surface of the conveyor belt (35) in the 5 
width direction to a predetermined polarity. 

A belt cleaning apparatus according to claim 7. 
characterized in that the attraction aid means (45. 
71) includes an attraction aid roller (45) being in 10 
contact with the outer peripheral surface of the con- 
veyor belt (35) and attraction bias voltage applying 
means (71 ) for applying an attraction bias voltage to 
the attraction aid roller (45). 

T5 

An image forming apparatus comprising: 

a plurality of image carrying bodies (38a, 38b, 
38c. 38d) arranged side by side; 
a plurality of toner image forming means (39a. 20 
39b. 39c. 39d. 41a. 41b. 41c. 41d) for forming 
toner images of predetermined colors on the 
image carrying bodies (38a, 38b. 38c, 38d); 
an endless conveyor belt (35) extending along 
the image carrying bodies (38a. 38b, 38c. 38d) 2s 
and having an outer peripheral surface carrying 
a transfer medium thereon; 
a plurality of rollers (36, 37, 43, 44, 59) on 
which the conveyor belt (35) is suspended so 
that the conveyor belt (35) is circulated to bring 30 
the transfer medium (P) into contact with at 
least one of the image carrying kxxiies (38a, 
38b. 38c, 38d): 

belt-shaped side-stopper members (65) 
attached to both side end portions of an inner 3S 
peripheral surface of the conveyor belt (35) in 
the width direction perpendicular to a moving 
direction thereof so that inner side surfaces of 
the side-stopper members (65) in the width 
direction are brought into contact with both end 40 
surfaces of at least one predetermined roller 
among said rollers (36, 37. 43, 44. 59) to pre- 
vent the conveyor belt (35) from sideslipping in 
the width direction; 

a plurality of transfer means (42a, 42b, 42c, 4S 
42d) an^anged in a space surrounded by the 
conveyor belt (35) to correspond to the image 
carrying bodies (38a, 38b, 38c, 38d), thereby 
forming a plurality of transfer sections (42T), 
and adapted to be supplied with a transfer bias so 
voltage of a predetermined polarity to transfer 
the toner Images from the image carrying bod- 
ies (38a, 38b, 38c. 38d) to the transfer medium 
(P) being in contact with the image carrying 
bodies: ss 
separating means (51) for separating the trans- 
fer medium to which the toner images have 
been transfenred, from the conveyor belt (35); 
and 



a belt cleaner (57) irKluding at least a cleaning 
member (58) located opposite the predeter- 
mined roller (36. 37. 43. 44 or 59). on that side 
of the transfer sections (42T) remoter from the 
separating means (51) in the moving direction 
of the conveyor belt (35), so that the conveyor 
belt (35) is held between the cleaning member 
(58) and the predetermined roller (36. 37. 43, 
44 or 59). and adapted to be pressed against 
the outer peripheral surface of the conveyor 
belt (35). thereby removing deposits adhering 
to the outer peripheral surface, the image form- 
ing apparatus characterized in that: 
a length of the cleaning member (58) in the 
width direction being so set that the length is 
not shorter than a width of the conveyor belt 
(35). 

an assistant support roller member (66) having 
a diameter (r^) smaller than that (r2) of the pre- 
determined roller (36, 37, 43, 44 or 59) by a 
length (t) corresponding to a thickness of the 
side-stopper member (65) is coaxially provided 
on each of both end portions of tiie predeter- 
mined roller member, and makes an outer 
peripheral surface of the assistant support 
roller member (66) being in contact with an 
inner peripheral surface of each of the side- 
stopper members (65), 

the radius {r^) of the assistant support roller 
member (66) being so set that the radius is 
greater tiian a value obtained by subtracting 
the thickness (t) of the each side-stopper mem- 
ber (65) from tiie radius (r2) of the predeter- 
mined roller (36, 37, 43, 44 or 59). and 
the assistant support roller members (66) or 
the side-stopper members (65) being elasti- 
cally deformable so that a distance (I1) from a 
rotational center of each assistant support 
roller member (66) to the outer peripheral sur- 
face of the conveyor belt (35) becomes equal to 
a distance (y from a rotational center of the 
predetermined roller (36, 37. 43. 44 or 59) to 
the outer peripheral surface of the conveyor 
belt (35) while the cleaning member is in con- 
tact with the outer peripheral surtece of the 
conveyor belt (35). 

10. An image forming apparatus according to claim 9. 
characterized in that the belt cleaner (57) further 
includes a removable cleaner bottle (57a) for stor- 
ing the deposits removed from the conveyor belt 
(35) by means of the cleaning member (58). 

11. An image forming apparatus according to claim 9. 
characterized in that the cleaning member (58) is 
formed of an elastic plate, and is in the form of a 
counter-blade having one end portion (58a) 
pressed against the outer peripheral surface of the 
conveyor belt (35) and the other end portion (58b) 
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located and stpported on the downstream side of 
the one end portion (58a) with respect to the mov- 
ing direction of the conveyor belt (35). 

12. An image forming apparatus according to claim 9. 
characterized In that the assistant support roller 
menisers (66) are formed integrally with the prede- 
termined roller (36, 37. 43, 44 or 59). 

13. An image forming apparatus according to daim 9. 
characterized in that each side-stopper member 
(650 includes an unfixed portion situated inside that 
portion of the side-stopper member which is f ixed to 
the conveyor belt (35). with respect to the width 
direction of the belt (35), and the unfixed portion 
being inclined gradually away from the inner periph- 
eral surface of the conveyor belt (35) while the 
unfixed portion being away from the outer side edge 
of the conveyor belt (35). 

14. An image forming apparatus according to daim 9, 
characterized in that the image forming apparatus 
further comprises attraction aid means (45, 71) for 
assisting attraction of the transfer medium (P) to the 
conveyor belt (35) by charging a whole outer 
peripheral surface of the conveyor belt (35) in the 
width direction to a predetermined polarity. 

15. An Image forming apparatus according to daim 14, 
characterized in that the attraction aid means (45. 
71) indudes an attraction aid roller (45) being in 
contact with the outer peripheral surface of the con- 
veyor belt (35) and attraction bias voltage applying 
means (71) for applying an attraction bias voltage to 
the attraction aid roller. 

16. An image forming apparatus according to daim 15. 
characterized in that the attraction bias voltage 
applying means (71) applies a voltage of the same 
polarity as the transfer bias voltage to the attraction 
aid roller (45). 

17. An image forming apparatus comprising: 

a plurality of image carrying bodies (38a. 38b. 
38c, 38d) arranged side by side; 
a plurality of toner image forming means (39a. 
39b. 39c. 39d, 41a. 41b. 41c. 41d) for forming 
toner images of predetermined colors on the 
image carrying bodies (38a. 38b. 38c, 38d); 
an endless conveyor belt (35) extending along 
the image carrying bodies (38a. 38b. 38c, 38d) 
and having an outer peripheral surface can'ying 
a transfer medium (P) thereon; 
a plurality of rollers (36. 37. 43, 44, 59) on 
which the conveyor belt (35) is suspended so 
that the conveyor belt (35) is circulated to bring 
the transfer medium (P) into contad with at 
least one of the image carrying bodies (38a. 



38b. 38c, 38d); 

belt-shaped side-stopper members (65) 
attached to both side end portions of an inner 
peripheral surface of the conveyor belt (35) in 

5 the width direction perpendicular to a moving 

direction thereof so that inner side surfaces of 
the side-stopper members (65) in the width 
direction are brought into contact with both end 
surfaces of at least one predetermined roller 

10 among said rollers (36, 37. 43. 44. 59) to pre- 

vent the conveyor belt (35) from sideslipping in 
the width direction; 

a plurality of transfer means (42a, 42b. 42c. 
42d) arranged in a space surrounded by the 

75 conveyor belt (35) to correspond to the image 

carrying bodies (38a. 38b. 38c. 38d). thereby 
forming a plurality of transfer sections (42T), 
and adapted to be supplied with a transfer bias 
voltage of a predetermined polarity to transfer 

20 the toner images from the image carrying bod- 

ies (38a, 38b, 38c. 38d) to the transfer medium 
(P) being in contact with the image carrying 
bodies; 

separating means (51) for separating the trans- 
25 fer medium (P) to which the toner images have 

been transferred, from the conveyor belt (35): 
and 

a belt cleaner (57) including a deaning mem- 
ber (58) of a counter-blade type and a cleaner 

30 bottle (57a), the cleaner bottle (57a) being 

capable of storing the deposits removed from 
the outer peripheral surface of the conveyor 
belt by means of the deaning member (58). ttie 
image forming apparatus characterized in that: 

35 the cleaning member (58) Is located opposite 

the predetermined roller (36. 37. 43. 44 or 59) 
on that side of tiie transfer sections (42T) 
remoter from the separating means (51) in the 
moving direction of the conveyor belt (35). and 

40 indudes an elastic plate having a length in the 

width direction not shorter than a width of the 
conveyor belt (35), the elastic plate has one 
end portion pressed against tiie outer periph- 
eral surfece of tiie conveyor belt (35) so tiiat tiie 

45 conveyor belt (35) is held between the one end 

portion of the deaning member (58) and the 
predetermined roller (36. 37. 43. 44 or 59). and 
the other end portion located and supported on 
the downstream side of the one end portion 

so with respect to the moving direction of ttie con- 

veyor belt (35). and tiie elastic plate is adapted 
to remove deposits adhering to the outer 
peripheral surface of tiie conveyor belt (35). 

55 18. An image forming apparatus according to claim 1 7, 
characterized by further comprising attraction aid 
means (45. 71) for assisting attraction of the trans- 
fer medium (P) to the conveyor belt (35) by charging 
the whole outer peripheral surface of the conveyor 
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belt (35) in the width direction to a predetermined 
polarity. 

19. An image forming apparatus according to daim 18, 
characterized in that the attraction aid means (45, 5 
71) includes an attraction aid roller (45) being in 
contact with the outer peripheral surface of the con- 
veyor belt (35) and attraction bias voltage applying 
means (71 ) for applying an attraction bias voltage to 
the attraction aid roller (45). io 

20. An image forming apparatus according to daim 19. 
characterized in that the attraction bias voltage 
applying means (71) applies a voltage of the same 
polarity as the transfer bias voltage to the attraction is 
aid roller (45). 
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